Introduction
The introduction of new vehicles technology has been projected for advanced technologically places. Their use and operation, is a theme of big concern for developing countries [1] . Previous study made by the authors was focusing on the study of problems related to the operation of new vehicles, especially vehicles maintenance assistance, taking under consideration, human feature and skills, and operational environmental. Five developing countries has been taken as case study (Cape Verde, Cuba, Colombia, Costa Rica and Zimbabwe), countries with different culture, people, background and geographic localization. As a result of the study was possible to identify similar problem related to vehicle operation and maintenance in different countries, the main source for the existing problem is related to the existing infrastructure, lack of technical support and human aspect [2] . Due to the need to improve vehicle fuel economy for the propose of preventing global warming and reducing exhaust gas emissions that affect human health, diesel engine vehicles are highly acclaimed in Europe, due to the good fuel economy that diesel fuel offers. Diesel vehicles are manufactured according to the following demands: Reduce exhaust gases (e.g.: NOx, PM, carbon monoxide (CO), hydrocarbon (HC) and smoke), improve fuel economy, reduce noise, improve power output and driving performance. The fuel injection system (including the injection pump and nozzles) plays a significant role because it directly affects the performance of the engine and the vehicle [3] . The design of the fuel injection system are developed according to the acquired knowledge, information, analysis and working condition in developed countries. There is a need for the study of the reliability in the operation, and maintenance of this vehicles, in countries with low level of grow, and technology capabilities [4] (developing countries). High value products as emerging technology vehicles, are technology intensive and reliability critical, requiring continuous maintenance throughout their life cycle. The adaptation of these new technologies for maintenance support is not an easy passage, as it implies a considerable cultural change in management in general, and maintenance in particular. A research in order to have knowledge, and understand the influence of the human feature and skills, and operational environmental on the vehicle operation and maintenance is needed. It is necessary to design a solution that can allow to move with safety and ensure an reliable operation of vehicles. The lack of proper maintenance in vehicles has caused major accident, which shows that a proper maintenance on vehicles is a subject of a major importance, a proper maintenance procedure makes a big difference [1] . With the elaboration of this work is intended to support the creation of a maintenance strategy and policy which will be acceptable to the specific conditions: human practice and knowledge, technical environmental, operational environmental, and access to new elements for change under service process. The maintenance strategy should be created including the needs as reliability, safety and cost.
For this a reliability assessment in the engine system will is proposed, considering working condition in a developing country, through the application of reliability method, failure models, effects, and criticality analysis (FMECA). The objective of this work is to support the identification and management of critical components of a vehicle as well as the best maintenance strategy. In the case of study, the uncertainty analysis is done according to data provided by maintenance experts, some values are assumed based on system failures.
Theoretical reference: maintenance and reliability
The purpose of maintenance activity is to obtain a certain degree of continuity in the productive process, this objective, in the past, was pursued through operational and functional redundancies, by guaranteeing a calculated excess of productive capacity or, finally by applying an aggressive programme of revision and replacement of critical systems [5] . The ultimate goal of maintenance is to provide optimal reliability that meets the business needs of the company, where reliability is defined as the probability or duration of failure-free performance under stated conditions [6] . Advanced maintenance today is related to data processing and communications technologies. maintenance has been transformed, in terms of its mission, from a prevalently operational activity of repair to a complex management system, oriented more than anything else towards the prevention of failures. This is not an easy passage, as it implies a considerable cultural change in management in general and maintenance in particular. From a basic point of view there are two maintenance approaches. One approach is reactive and the other is proactive. In practice there are many combinations of the basic approaches. The reactive system responds to a work request or identified need, and depends on rapid response measures if effective. The goals of this approach are to reduce response time to a minimum (the computer helps) and to reduce equipment down time to an acceptable level. This is the approach used by most operations today. The proactive approach, responds primarily to equipment assessment and predictive procedures. The goals of this method are continuous equipment performance to established specifications, maintenance of productive capacity, and continuous improvement [7] . The maintenance management concept was developed with the idea that maintenance would be planned and managed in a way that provides an efficient continuous operating facility at all times. Maintenance would also be treated as an investment rather than a cost. Basing in the maintenance culture practiced in developing countries, for this work it is proposed the following tree types of maintenance strategy. Breakdown maintenance (systems easy to replace at low cost), it is convenient to wait for the failure to occur before intervening.
It is therefore necessary to identify the component that has broken down and take all the measures necessary to re-establish the operational integrity of the system. Preventive maintenance (define in advance the time of intervention), generally consisting in replacement, as a function of the expected life cycle of the component. Predictive maintenance is known as the more modern vision of maintenance problems, uses non-destructive techniques to test systems in order to identify the presence of failures, and programme a revision only when the condition of the machine determined the need [5] . As mentioned before, reliability is the ability of an item to perform a required function under a stated set of conditions for a stated period of time. However, many companies focus on fixing equipment when it has already failed rather than ensuring reliability and avoiding failure [6] . As the case of developing countries, this practice is due to lack of knowledge and information, lack of technical equipment's and people behavior (this is the way we have always done it). This practice can decrease the reliability of the equipment, those the correct maintenance strategy is very important. The lack of proper maintenance brings many negative consequences for the equipment as higher maintenance cost, increased equipment failure and availability problems. To improve the reliability of the system, it is important the use of statistical analysis. This work propose the reliability analysis, through the monitoring the health of selected components. The reliability analysis will be done through the use of the reliability method, failure models, effects, and criticality analysis (FMECA). In most of the developing countries, maintenance is known as fix, restore, replace, recondition, rebuild, and rejuvenate, there is lack of maintenance culture or policy, the definition of maintenance remain unknown. With this work is intended to support the creation and establishment of a maintenance strategy, and policy, which will be acceptable to the specific conditions: human practice and knowledge, technical environmental, operational environmental, and access to new elements for changes under service process. In order to support the identification of the maintenance strategy, will be applied a math -based reliability model, Failure models, effects, and criticality analysis (FMECA). FMECA (Failure Models Effects, and Criticality Analysis), is a quantitative method used to classify the modes and effects of critical failures taking into account their probability of occurrence. Is a technique that helps to identify and prioritize potential failures in equipment, systems or processes, and provides recommendations for actions that aim to avoid them through maintenance techniques [6] . According to the authors, the failures found through the FMECA technique are prioritized based on the criticality of the causes, using the RPN (Risk Priority number) index, composed of the following indicators: severity, occurrence (frequency Fault mode occurs) and detection (degree of ease to detect fault) [8] .
Proposed Methodology
For this work will be used as a case of study, maintenance of a vehicle equipped with electronic fuel injection system (common rail type). The common rail system use a rail (accumulation chamber) to store pressurized fuel, and injectors to inject the pressurized fuel into the cylinder. The injection system is controlled by the ECU. The common rail control system can be divided in: sensors, engine, ECU (Electronic control unit), EDU (electronic driving unit), and actuators. All components of the system is shown in the Figure 1 [5] .
Fig. 1 Configuration of main components of the common rail system [5].
For the analysis and identification of the critical components of the system, this work propose the use of the framework bellow (Figure 2) . In order to collect data for the measurement of values. Considering that a certain malfunction is identified (Damage exposure _DEX), It is necessary to identity the System in which the damage is related to, the components affected, and their causes. After the identification of the damaged components scenarios, it is necessary to assign probabilities.
Fig. 2 Proposed event tree for analyse and identification of the critical components
First an exposure is identified, this has potential of damaging components in the system (D EX no dama e in t e s stem components occurs ), the analysis is finished. If damage occurs (D), this damage is related to the Common rail system o t e e ic e or ot er t an ), the malfunction can be related to many faulty item as the intake system, Fuel system, engine or others. The malfunction is related to some specific competes of the system (C1, C2, ..., Cn).
In order to collect data for the application of the proposed methodology will be considered a case of study with a specific malfunction. The case of study will focus on the corrective maintenance of a vehicle with deficient engine performance. The troubleshooting is done accordin to t e ma unction s mptom t ere are occasions en a ma unction t at appears to e enerated t e is actua caused a di erent component or s stem ), for instance, engine mechanical parts and fuel system may cause malfunction symptoms identical to symptoms generated by the CRS. Our analysis will focus only on the case where the Damage exposure is related to malfunction of the system components. The diagram presented in Figure  3 show the critical components of the system according to the malfunction under analysis. For computing damage and failure probabilities, will be applied, math based reliability technic FMECA.
Fig. 3 Critical components of the system
After defining the critical components, is introduced the degree of risk of failure modes for each components. For this, for each component is assigned a probability of occurrence (O), a score for severity of the failure (S), and a score for detectability of failure during the maintenance (D). The values for O, S and D are assigned by engineers. A risk priority number (RPN) is calculated by multiplying O, S and D, and is used as a metric to quantify the importance of the component failure [7] .
Results
For this work, critical equipment of the electronic fuel injection system (common rail type) has been identified, considering a certain malfunction. After defining the critical components, will be introduced the degree of risk of failure modes for each component. For this, for each component will be assigned a score for the occurrence (O), severity of the failure (S), and a score for component failure detection (D). A Risk Priority Number (RPN) is calculated as the product of the failure occurrence of an item multiplied by the severity of the component malfunction in the vehicle operation and the difficulty of the damaged component identification ( with, and without use of failure detection equipment).
The linguistic variables such as low, medium and high is used to indicate the, Occurrence, severity and detection. The value of O, S and D range from 1 till 10. Using the Likert Scale, is defined the level of the parameters O, S and D. Once defined each level that marks the limit, it is assigned a factor. The parameter occurrence register the number of time a damage occur in a specific component. The Table 1 and Table 2 shows the assumed values for O, S and D. For simplification, will be represented S*D. Once defined each level of the parameters O, and S*D that marks the limits, is assigned the maintenance strategy. This will depend on the data from the multiplication of O*S*D that allow us to obtain the risk priority number. The Criticality matrix shown in the Table 3 , is used to distribute the RPN in three areas: Low, Medium and High. The ratings of each of the risk were obtained by multiplying the score of the factors or t e occurrence and t e impact o t e risks * T e scores o '1' '2' '3' and traffic colour coding were allocated to parameters o 'low' 'medium' and 'high' respecti e T e reen co our indicates 'low', the yellow colour indicates 'medium' and red co our indicates 'high'. The Table 4 show the calculated RPN for each component. The values of the parameter D (Detection) is divided in two columns due to its dependence on the availability and correct use of the equipment for the malfunction detection. The first column represents the use of the condition based maintenance (Advanced maintenance), with the use of proper tools, if during the maintenance it is used correct t e necessar equipment's or au t detection t e detection o t e malfunction can be considered very easy, evaluated with the grade 2. The second Colum represents the traditional maintenance, basing in the knowledge and practice, with this method the detection of failure is considered very difficult, evaluated with the grade 10. This two conditions for the failure detection during the maintenance strategy, has a direct influence in the value of the parameter RPN. The maintenance strategy must be defined considering both condition. The Table 5 , show the maintenance strategy according to the RPN calculation. The Table 6 show the maintenance strategy for each component under analyses considering the two types of maintenance: traditional maintenance and advanced maintenance. 
Conclusion
This works takes in consideration previous studies made by the authors, where was identified the existing problem related to vehicles new technology maintenance as well as operation in developing countries [2] . Others studies has been made focusing in the case of Cape Verde, Praia city where we had a near observation and evaluation by experts working in the city related to vehicle maintenance and operation, who has a real knowledge of the problem [1, 2, 4] . Previous studies also has shown that the study of the local needs and conditions is very important before the introduction of the new vehicles technologies, this ca ensure an reliable vehicle operation. The maintenance is the key strategy to ensure a proper vehicle operation.
With the elaboration of this work was possible to visualize that the maintenance strategy for each component depends strongly on the availability of equipment for the diagnosis (fault detection). As this work focus on the maintenance of vehicle in developing countries, where majority of the maintenance workshop does not have access to equipment's and/or t e operator does not a e t e acquired kno ed e or t e e icient use and operation o t e equipment's t is ork present an alternative for the maintenance strategy in order to increase the reliability of vehicles operation. As future work, would be important to introduce others parameters that influence the maintenance and vehicle operation as cost, environment, human aspect and vehicle operation. Another useful analyses would be, to analyses the data in a probabilistic interpretation by defining the Occurrence proportional to the probability of observing a failure in the component when a damage is observe and the Severity as the conditional probability that the vehicle fails given that a component fails. With this is possible to calculate for every component the probability that component fails when observing a failure of the vehicle, and to calculate the probability that the common rail system (CRS) is damaged when it happens that the vehicle fails. All this calculation can be done by implementing a code that calculate the conditional probability mentioned.
